The mission of the U.S. Geological Survey (USGS) is to assess the quantity and quality of the earth resources of the Nation and to provide information that will assist resource managers and policymakers at Federal, State, and local levels in making sound decisions. Assessment of water-quality conditions and trends is an important part of this overall mission.
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NONPOINT SOURCES OF PESTICIDES IN THE SAN JOAQUIN RIVER,
CALIFORNIA: INPUT FROM WINTER STORMS, 1992-93
By Joseph L Domogolski Abstract Organophosphate insecticides, including chlorpyrifos, diazinon, and methidathion, are applied to dormant orchards in the San Joaquin Valley, California, during late December through January. This time frame coincides with the period of heaviest rainfall in the valley, and rainfall mobilizes a portion of these pesticides from the orchards. The pesticides enter the San Joaquin River and have been detected along the perennial reach of the river.
A storm on the evening of February 7 and the morning of February 8, 1993, deposited more than an inch and a half of rain in the San Joaquin Valley. Two distinct peaks of organophosphate pesticide concentrations were measured at the mouth of the San Joaquin River during a single rise in discharge. Both peaks were attributed to contrasts between the soil texture and hydrology of the eastern and western valley. The fine soil texture and small size of the western tributary basins contributed to rapid runoff. Diazinon concentrations peaked within hours after rainfall ended and then decreased because of a combination of dilution with pesticide-free runoff from the nearby Coast Ranges and decreased pesticide concentrations in the agricultural runoff. Data for the Merced River, a large tributary of the eastern San Joaquin Valley, are sparse, but indicate that peak concentrations occurred at least a day after those of the western tributary streams. That delay may be due to the presence of well-drained soils, the larger size of the drainage basins, and the management of surface-water drainage networks. Runoff from a subsequent storm, on February 18 and 19, contained significantly lower concentrations of most organophosphate pesticides, indicating that runoff from the first storm had already removed most of the pesticides available for rainfall-induced transport.
INTRODUCTION
Acetyl cholinesterase-inhibiting pesticides are used extensively in the San Joaquin Valley of California ( fig. 1) , an important agricultural region of the United States. These pesticides are used throughout the year, including the winter months when most rainfall occurs. Organophosphate pesticides affect nerve impulses in target organisms by acetyl cholinesterase inhibition (Buchel, 1983) and can be toxic to some aquatic organisms at concentrations less than one part per billion (Amato and others, 1992; Marshall and Roberts, 1978) . Understanding the transport and concentration of the pesticides that are present in surface waters during the winter months is critically important so that effective control strategies can be implemented.
The occurrence of pesticides in surface waters has been reported by numerous authors, including Moody and Goolsby (1993) , Pereira and Hostettler (1993) , Pereira and Rostad (1990) , Richards and Baker (1993) , and Thurman and others, (1991) . Most of the previous research, however, focused on organonitrogen herbicides, and most of the studies were done in the midwestem United States. These studies indicate that shortly after herbicide applications and following rainfall, surface-water concentrations and loads tend to be highest.
Relatively few studies have focused on organophosphate pesticides. Readman and others, (1992) attributed chlorpyrifos in near-shore marine sediments to runoff, and Domagalski and Kuivila (1993) reported on organophosphate and carbamate pesticides in an estuarine environment.
A study was done during December 1992 through February 1993 to measure the concentrations of organophosphate pesticides in the San Joaquin River and selected tributaries in the San Joaquin Valley. This report describes the sampling design used and identifies the occurrence of pesticides in the sampled streams and rivers. Most of the discussion in this report is of diazinon, the most frequently detected pesticide.
PESTICIDE USE AND SELECTION OF SAMPLING SITES
The principal organophosphate pesticides used on dormant orchards in the San Joaquin Valley include chlorpyrifos, diazinon, and methidathion. Dormant orchards are sprayed from December through February with most spraying in January. Detailed records of the actual amounts of various pesticides used on specific crops are kept by the California Department of Pesticide Regulation. The most recent data available are for 1990 applications (California Department of Pesticide Regulation, 1990) . In that year, 51,000 pounds (Ib) of chlorpyrifos, 160,000 Ib of diazinon, and 41,000 Ib of methidathion were used as dormant orchard sprays in the San Joaquin Valley, an area of approximately 12,000 square miles (mi2). This application of pesticides to dormant orchards accounts for 13% of the chlorpyrifos, 58% of the diazinon, and 80% of the methidathion used for the entire year within the San Joaquin Valley. Only a part of those applications are within the drainage of the perennial San Joaquin River.
Almonds are the principal orchard crop in the San Joaquin Valley. The amount of diazinon applied to almond orchards during 1990 in the northern part of the valley is shown in figure 2 . The pesticide application map is plotted on a statistical basis at the geographic level of a township (36 mi2). The category of highest application, greater than 1,166 Ib of diazinon applied during 1990, is the upper quartile (above 75%). The second highest application category, 242 to 1,165 Ib applied, is the quartile from the median to 75%. The second lowest application category, 89 to 241 Ib applied, is the quartile from the median to 25%. The lowest application category, zero to 88 Ib applied, is the lower quartile (below 25%).
A plot of the timing of diazinon applications is shown in figure 3 . The actual times of application are based on management decisions, such as the timing of rainfall and the approximation of when the trees will blossom. Applications made too late in the season can be harmful to the blossoms, as the oils contained in the sprays can cause burning. Dormant-orchard pesticides are applied by tractor-mounted rigs, but spraying generally is not possible in water-saturated fields. In late 1992 and early January 1993, a series of rainstorms ( fig. 4 ) prevented most spraying until the last week of January. Although some spraying was done in December, most pesticides were applied during a narrow window of time, after January 21.
Sampling sites were chosen on the basis of physiography and land-use. Small drainage basins provide information on pesticide input from specific land uses or physiographic horizons. The larger drainage basins of major rivers provide information on multiple sources of contaminants. As indicated by the pesticide-use map ( fig. 2 ), orchards are in the eastern and western parts of the San Joaquin Valley. The pesticide-use map also shows that most orchards are east of the San Joaquin River. The perennial San Joaquin River is the reach directly upstream from the confluence with the Merced River ( fig. 1 ). Flow along the remaining part of the San Joaquin River within the San Joaquin Valley is intermittent due to diversion of water for irrigation from reservoirs in the lower Sierra Nevada. The southern part of the San Joaquin Valley, which lies within the Tulare Basin ( fig. 1 , inset), has closed drainage, and all surfacewater streams are ephemeral. Therefore, no attempt was made to include the southern San Joaquin Valley in the surface-water sampling design.
The major physiographic consideration for selecting sampling sites in the northern San Joaquin Valley is sediment provenance. Soils of the western valley are derived from the sedimentary rocks of the Coast Ranges. These rocks generally are marine shales; the soils derived from these shales are fine grained and easily weathered. The soils of the eastern valley are derived from the Sierra Nevada batholith. These soils generally are more coarse grained and allow more rapid infiltration of rain or irrigation water. alternate site, a reference site on Orestimba Creek, is above the San Joaquin Valley, within the Coast Ranges (site 1, fig. 1 ). All sampling at Orestimba Creek, unless otherwise stated, was done at site 2. Land use in the Orestimba Creek drainage, an alluvial fan of the Coast Ranges, is mixed agriculture. Orestimba Creek is an ephemeral stream that flows during the winter in response to rainfall and during the summer in response to irrigation runoff. Input to the creek might be locally derived, but during intense storms, water flows from the adjacent Coast Ranges.
Additional sites were selected in the western part of the valley to increase aerial coverage and to facil- itate data interpretation. Additional sites were selected to determine if these small drainages would have a similar reaction to rainfall with respect to pesticide transport. The additional sites are the Central California Irrigation District Canal, Del Puerto Creek, and the Spanish Grant Drain ( fig. 1 ).
Drainage of the eastern San Joaquin Valley is dominated by relatively large rivers, such as the Merced, Tuolumne, and Stanislaus Rivers ( fig. 1 ). Orchard land use is extensive within the drainages of these three rivers. The Merced River was chosen as representative of pesticide input from the eastern San Joaquin Valley. Land use upstream of the Merced River site is representative of agriculture on alluvial fans in the eastern San Joaquin Valley. One site was chosen on the San Joaquin River, just downstream from the Stanislaus River, at Vernalis. This location, considered the mouth of the San Joaquin River, is the most downstream site that is above the tidal prism of the San Francisco Bay Estuary.
Although pesticide application patterns indicate that the eastern valley.may be the principal source of pesticides to the San Joaquin River, physiographic controls may prevent much of the orchard runoff of the eastern valley from reaching the river except during intense rainfall. Rain or irrigation water infiltrates rapidly through the eastern valley soils, which are derived from granitic alluvium, and there is less runoff. Although there is less orchard acreage in the western valley, rapid runoff from the finegrained soils may permit greater loading to the San Joaquin River.
SAMPLING DESIGN AND METHODOLOGY
The overall sampling design addressed the temporal and spatial variability in pesticide concentration at sites that were expected to be sources of pesticides to the San Joaquin River. In addition, pesticide concentrations were measured at Vernalis, the most downstream location of the San Joaquin River.
The sampling was done by scientists in two research groups of the U.S. Geological Survey the National Water Quality Assessment (NAWQA) program and the San Francisco Bay Toxics Substances Hydrology Program. The objective of the NAWQA program was to assess pesticide input to the San Joaquin River from various and specific land uses within relatively homogeneous physiographic provinces. The objective of the San Francisco Bay program was to examine pesticide loadings to the estuary.
As part of the NAWQA program, the Orestimba Creek site was sampled twice each week; the additional western valley sites, the Merced River and the San Joaquin River, were sampled once each week from mid-December until the end of February. The greater sampling frequency at Orestimba Creek was to assess short-term variability in concentrations of pesticides. In addition to the fixed-interval temporal sampling, selected sites were sampled during two storms to obtain information about concentration variability during rainfall and runoff at single sites. Initially, the Orestimba Creek site and the Merced River site were designed for storm hydrograph sampling. However, logistical difficulties prevented the simultaneous sampling of both sites during the two storms. Samples were collected over the complete hydrograph at Orestimba Creek for two storms, and over part of the hydrograph for one storm at the Merced River site. The San Joaquin River site was sampled by the San Francisco Bay program throughout the dormant-orchard period. The sampling scheme was to collect daily samples between storms and twice daily samples during a storm.
All samples were collected using width-and depth-integrated sampling procedures adapted for organic contaminants. Samples were collected from the small streams by wading the cross section, selecting equal-width increments, and depth integrating the sample collection using an isokinetic sampler. The complete method is described by Edwards and Glysson (1988) . The composite samples were split for various constituent analyses using a Geotech cone splitter, constructed of Teflon®. One-liter samples for pesticide analysis were filtered through glass-fiber filters (Whatman GF/F) housed in an aluminum filter support. The filters were baked at 450 °C prior to use. The water was pumped through the filter with a Cole-Parmer Teflon® diaphragm pump head and a Masterflex pump drive. Solid-phase .03
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.01 extraction of the water samples followed, using Varian 500-mg C18 cartridges. The cartridges were pretreated with 2 milliliters (mL) of methanol and 2 mL of pesticide-free water. Prior to extraction, the water samples were fortified with 1% methanol, and 100 nanograms (ng) each of three surrogate compounds (terbutylazine, deuterated lindane, and deuterated diazinon) were added to assess the general effectiveness of the extraction and analysis method. The water samples were pumped through the cartridges with a direct-current, ceramic-piston, valveless metering pump from Fluid-Metering Incorporated (catalog identification: RHBOCKE). All parts that had contact with the water were either Telflon® or ceramic. The flow rate of water through the cartridge was 25 to 30 milliliters per minute (mL/ min).
The cartridges were dried with a gentle stream of either carbon dioxide or nitrogen and were then eluted with a mixture of hexane and isopropanol (3:1). Internal standards were added, and the solvent was concentrated to a volume of 100 microliters (|il). The samples collected at Orestimba Creek and Merced River, along with the temporal sampling of the San Joaquin River at Vernalis, were analyzed by gas chromatography-mass selective detector (Hewlett-Packard). A partial list of pesticides analyzed, along with reporting limits and recoveries, is shown in table 1. For samples collected at Del Puerto Creek, Spanish Grant Drain, the Central California Irrigation District Canal, and the storm sampling of the San Joaquin River at Vernalis, analysis was by gas chromatography/ion trap detector (Finnigan). These samples were extracted according to a similar methodology, as described by Crepeau and others, (1994) . The principal difference between the two methods was the type of mass spectrometer used.
SOURCES AND DISTRIBUTION OF PESTICIDES
Diazinon concentrations, measured weekly or every other week at the San Joaquin River near Vernalis, are shown in figure 5 . The data point for December 16,1992, shows the low background concentration prior to spraying. Diazinon concentrations at this site increased during January. The highest January concentration was measured in the water sample collected on January 13 following a 2day storm when more than an inch of rainfall was recorded ( fig. 4) . The sources of the pesticides to the San Joaquin River during January are unknown. Measured concentrations at all sites in the western San Joaquin Valley, including Orestimba Creek, Del Puerto Creek, the Spanish Grant Drain, and the Central California Irrigation District Canal were less than those for the San Joaquin River. Diazinon concentrations in samples collected from the Merced River in January ranged from 0.053 to 0.077 micrograms per liter (|ig/L). These measured concentrations were higher than those measured in the tributaries of the western San Joaquin Valley, but were not high enough to account for the concentrations measured at the San Joaquin River during January. As shown in figure 4 , there was no rainfall between January 21 and February 5. The lack of rainfall allowed the fields to drain sufficiently for pesticides to be applied to the dormant orchards. The highest daily rainfall began with a storm on February 7. Plots of specific conductance and discharge and diazinon concentrations and discharge during the February 7-9 storm are shown in figure 6. Orestimba Creek had no flow prior to this rainfall. Discharge increased slowly on February 7 and throughout much of February 8. Specific conductance was initially high but then decreased and showed considerable variation for a few hours as discharge increased. This variation in conductivity suggests that a combination of rainwater and drainage from various fields with different major element chemistry was entering the stream. Specific conductance began to rise with discharge on the morning of February 8, peaked at 1600 hours, and then decreased rapidly with the steep rise in the hydrograph. Most of the water at peak discharge originated from the Coast Ranges, as indicated by discharge records from the reference site, Orestimba Creek near Newman (site 1, fig. 1 ), and by low specific conductance. The rise in specific conductance at mid-morning on February 8 is inter-preted as the result of locally derived runoff from fields to Orestimba Creek. The drop in specific conductance with the steep rise of the hydrograph is interpreted as the input of relatively fresh water from the adjacent Coast Ranges.
The first sample for pesticide analysis was collected at 1000 hours on the morning of February 8. The diazinon concentration in this sample was 0.54 u,g/L at a discharge of 170 cubic feet per second (ftVs) (table 2). Concentrations of diazinon then increased rapidly over a period of several hours. Within 2 hours, the concentration had increased to 1.7 u,g/L, and within 5 hours, the maximum concentration of 3.8 u,g/L was observed at a discharge of 240 ftVs. At 1900 hours, a concentration of 0.7 Lig/L was measured; this sample was taken at the start of the steepest rise of the hydrograph at a discharge of 450 ftVs. Discharge then increased rapidly and peaked at 1,280 ftVs just after midnight. The next sample was taken on February 9, at 1315 hours, during the declining part of the hydrograph. the Orestimba Creek drainage. The drop in concentration from 3.8 to 0.7 u.g/L occurred when there was only a modest decrease, approximately 20%, in specific conductance and a modest increase, approximately 30%, in discharge. Therefore, the diazinon concentration was decreasing before most drainage from the Coast Ranges reached this site. The implication is that the initial flush of field drainage had transported most of the diazinon that was available to be mobilized from the orchards. Although no samples were taken at peak discharge, it was assumed that the concentra- tions would be less than 0.7 |ig/L. Runoff from the Coast Ranges provided a source of dilution water. A parcel of water in Orestimba Creek that enters the valley from the adjacent Coast Ranges (site 1, fig. 1 ) should reach the sampling site (site 2, fig. 1 ) in about 7 hours. The travel time was determined from an examination of the gaging station records at both sites ( fig. 1 ). Peak flow from the Coast Ranges would dilute pesticide concentrations significantly within this 7-hour window.
Other tributaries of the western San Joaquin Valley had a temporal pattern of diazinon concentration during this storm similar to that at Orestimba Creek. The concentrations measured at Del Puerto Creek, the Spanish Grant Drain, and the Central California Irrigation District Canal are listed in table 2. The general pattern of diazinon concentration in the western San Joaquin Valley was high concentrations in samples collected early in the storm and declining concentrations as the storm progressed. These declines were attributed to the influx of relatively uncontaminated water from the nearby Coast Ranges or to the depletion of pesticides from the fields.
Of all the western valley sites, only the Orestimba
Creek site had detectable concentrations of chlorpyrifos. The highest concentration of chlorpyrifos, 0.12 |ig/L, was measured in the first sample collected. The lack of detections at other western valley sites is consistent with the pesticide-use data, which indicate only minor applications of chlorpyrifos in the western San Joaquin Valley.
The hydrograph for the Merced River for the February 7-8 storm is shown in figure 7 . The major physical difference between the Merced River and Orestimba Creek is the basin size and, hence, the response time of the river to the rainfall and runoff. Another difference between the two basins is that flow on the lower Merced River, within the San Joaquin Valley, normally is controlled by managed releases from an upstream reservoir. The rise in discharge shown in figure 7 is attributed to valleyderived runoff, as indicated from flow records at the reservoir and at the downstream sampling site. Peak discharge at the lower Merced River site is attributed to valley runoff and not to runoff from the adjacent Sierra Nevada. The response of the Merced River hydrograph to rainfall was delayed by more than a day relative to the Orestimba Creek hydrograph. Peak discharge on the Merced River was observed near 1200 hours on February 10, whereas peak discharge on Orestimba Creek was observed at 0015 hours on February 9, a difference of almost 36 hours.
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The Merced River was sampled on February 8, and concentrations of diazinon and chlorpyrifos are shown in table 2. These measurements were made on the flat part of the hydrograph. Pesticide concentrations would be expected to remain constant because runoff had not been detected at this station, and flow was constant. The next sample was collected on February 9 at 1100 hours as the hydrograph showed an initial rise. The concentration of diazinon increased to 0.5 u,g/L and chlorpyrifos increased to 0.083. The next sample was not taken until February 11, on the declining part of the hydrograph. The diazinon concentration was 2.5 u,g/L (fig. 7) , and chlorpyrifos was 0.26 u,g/L. This sample is particularly noteworthy because it indicates that the concentrations of diazinon and chlorpyrifos may have been considerably higher on the rising part of the hydrograph or near peak discharge. Previous research on pesticides transported from agricultural fields as a result of rainfall-induced runoff has indicated that peak concentrations generally occur prior to or near California, February 8-11, 1993. peak discharge (Richards and Baker, 1993; Thurman and others, 1991) .
A plot of diazinon concentrations and discharge for the San Joaquin River is shown in figure 8 . The diazinon plot shows two peaks in measured concentrations between February 8 and February 12. Both peaks were observed during a single storm. The first peak concentration of diazinon, 0.77 Llg/L, was in a water sample collected at about 2400 hours on February 8, and the second peak concentration, 1.07 Hg/L, was in a sample collected at about 1900 hours on February 11. The data set indicates a variation in the loadings of diazinon to the San Joaquin River during the storm. As discussed previously, the hydrologic and chemical responses of the western tributaries preceded those of the eastern tributaries during this storm. Therefore, the first and second concen-tration peaks are probably the result of input from tributaries of the western and eastern San Joaquin Valley, respectively.
The first peak concentration of diazinon in the San Joaquin River occurred shortly before midnight on February 8. Loading from Del Puerto Creek and other tributaries and drains of the western San Joaquin Valley probably are responsible for the first peak in diazinon concentration. A diazinon concentration of 5.4 Llg/L was measured at the Del Puerto Creek site at 1315 hours on February 8. Because only one sample was collected, the maximum concentration is unknown. On the basis of measured velocity in the San Joaquin River, which has been confirmed by a dye-tracer test during a similar flow regime, a parcel of water would take approximately 12 to 15 hours to travel from the Del Puerto Creek site to the San The second peak concentration of diazinon in the San Joaquin River occurred at 1900 hours on February 11. At 1900 hours on February 9, the hydrograph for the Merced River was in the middle of the rising limb. Therefore, if the diazinon concentrations in the rising limb of the Merced River hydrograph were high, between 5 and 7 u,g/L, the river could be the source of the second peak concentration of diazinon observed at the San Joaquin River near Vernalis. This hypothesis has not been tested, but is based on measured velocities in the Merced River and a tracer test conducted under a similar flow regime, which determined that the approximate travel time of a parcel of water from the Merced River sampling site to the sampling site on the San Joaquin River is 2 days. A diazinon concentration of 2.5 u,g/L was measured on the falling limb of the Merced River hydrograph, and, because pesticide concentrations generally are lower on the falling limb (Richards and Baker, 1993) , concentrations probably were higher on the rising limb.
Two other possible major sources of pesticides to the San Joaquin River, the Tuolumne and the Stanislaus Rivers, were sampled near peak discharge, about the same time as the peak for the Merced River. The concentrations of diazinon in these samples were negligible (Lisa Ross, California Department of Pesticide Regulation, written commun., 1993). Based on a dye-tracer study completed under a similar flow regime, it is possible that the Stanislaus and Tuolumne Rivers could have carried the diazinon measured at the San Joaquin River near Vernalis if the concentrations were low on the rising limb and high on the decreasing limb.
Additional storm sampling was done on February 18 and 19 during the first significant rainfall following the February 7 storm (fig. 4) . The Orestimba Creek site was sampled during this storm to determine if any residual diazinon was being transported to the San Joaquin River during this rainfall and to collect additional samples at peak discharge to verify relatively low concentrations attributable to dilution from Coast Ranges runoff. The highest concentration of diazinon, 0.2 u,g/L, was measured at the creek site prior to the steep rise of the hydrograph and was much less than the highest concentration observed during the previous storm. This lower concentration indicates that much of the available diazinon load was transported during the February 7 storm. Following the concentration peak, diazinon concentration levels decreased by an order of magnitude and remained low throughout peak discharge. Chlorpyrifos was not detected at Orestimba Creek during this second storm.
The highest concentration of diazinon measured at the San Joaquin River site during the storm of February 18 and 19 was just under 0.4 ug/L, considerably less than the maximum concentration measured at this site during the previous storm. Basin-wide response, as indicated by the diazinon concentrations measured in samples from the San Joaquin River at Vernalis, was less than during the previous storm; the reduced response indicates that, throughout the basin, most of the available diazinon had been transported previously. Chlorpyrifos was not detected at the San Joaquin River near Vernalis.
The Merced River was sampled on February 23 and 26 on the declining part of the discharge hydrograph resulting from the February 18-19 storm. The concentration of diazinon rose from a pre-storm level of 0.009 u,g/L to 0.19 |o,g/L. The Chlorpyrifos concentration rose from less than detectable to 0.033 |o,g/L.
Data from this second storm indicate that much of the diazinon was transported to the San Joaquin River during the previous storm, which is supported by the relatively lower concentrations of diazinon at the Orestimba Creek, Merced River, and San Joaquin River sites. Data for Orestimba Creek support the hypothesis that low concentrations occur at peak discharge in streams of the western San Joaquin Valley. Peak discharge at Orestimba Creek that originated from the Coast Ranges resulted in the dilution of pesticide concentrations measured at the downstream Orestimba Creek sampling site.
The calculated amount of diazinon transported by the San Joaquin River, as measured near Vernalis, was 104 pounds during the month of February. This amount of diazinon represents about 0.1% of the total applied within the drainage of the perennial reach of the San Joaquin River, based on 1990 data, the most recent available. Only a relatively small amount of the applied diazinon was mobilized to the river by rainfall. Nevertheless, during the 1992-93 dormantorchard season, the amount was sufficient to result in toxic levels for at least one aquatic organism.
is to sample the river or streams during a storm. In contrast, assessing the response of the basin to a storm is relatively easier, because elevated pesticide concentrations usually reach the San Joaquin River at Vernalis a day after the storm. Nevertheless, twice daily sampling, separated in time, was the minimum required during the storm to document that there were at least two major sources of pesticides.
SUMMARY AND CONCLUSIONS
This study of pesticides for the dormant-orchard period indicates certain patterns of loading during runoff for parts of the San Joaquin Valley; however, further research is necessary. Diazinon concentrations in the western tributaries to the San Joaquin River increase during the rising part of the storm hydrograph and tend to decrease rapidly as flow from the Coast Ranges increases, relative to locally derived valley runoff. The first major storm following pesticide application mobilizes most of the diazinon that is available to be transported from the orchards. At present, specific factors, especially at the field level, that promote diazinon transport during rainfall are unknown. Further understanding of the pesticide contribution of dormant orchards to the large eastern tributaries, such as the Merced River, could increase the understanding of the San Joaquin Valley drainage system. Preliminary data indicate that pesticide input from the Merced River may be important, but has not been verified by additional sampling.
Data indicate that toxic levels of diazinon can be present along most of the perennial reach of the San Joaquin River during the winter season. This presence occurred during the 1992-93 dormant orchard period because most pesticides were applied during a narrow window of time and a heavy rainfall occurred shortly after the applications. Runoff from one major storm carried the greatest amount of pesticides to the river. The results of this study demonstrate the necessity of selecting the proper sampling frequency to assess the relative contribution of individual drainages to the loading of toxic water to the San Joaquin River. The response time of the tributaries of the western San Joaquin Valley is rapid and occurs within a period of several hours. The only* way to assess the concentrations of toxic compounds
